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Abstract
The major phylogenetic pattern of the cyprinid tribe Labeonini has been revealed by previous molecular 
studies; however, the relationships within a clade that mainly inhabits the karst regions, which we refer to 
as the “karst group”, in southwest China remain unresolved due to the low taxon sampling. This group 
includes more than 50% of the genera and species of Labeonini in China. Moreover, more than 90% of 
the genera of this group are endemic to China. In addition, some new genera and species of Labeonini 
have been discovered from these karst regions, but their taxonomic validity and phylogenetic position 
have not been examined. In this contribution, partial sequences of four nuclear (exon 3 of recombination 
activating protein 1, rhodopsin, early growth response protein 2B gene and interphotoreceptor retinoid 
binding protein gene) and three mitochondrial genes (cytochrome b, cytochrome oxidase subunit I and 
16S ribosomal RNA) from 36 ingroup taxa and 25 outgroup taxa were analyzed to provide a hypothesis 
of the phylogenetic relationships within the labeonins of the karst regions in China. We propose that the 
monophyly of Parasinilabeo, Ptychidio, Rectoris and Semilabeo are supported. A new genus, Prolixicheilus, 
is erected for Pseudogyrinocheilus longisulcus. Cophecheilus bamen is the sister to Prolixicheilus longisulcus. 
Ptychidio, Pseudocrossocheilus, Semilabeo, Rectoris and Stenorynchoacrum are closely related with high sup-
port values. Sinocrossocheilus, Pseudogyrinocheilus, Paraqianlabeo, Hongshuia, Discogobio and Discocheilus 
form a clade together with high support. Considering molecular results and morphological differences, 
Parasinilabeo longicorpus and Ptychidio macrops might be the synonyms of Parasinilabeo assimilis and Pty-
chidio jordani respectively. Comprehensive taxonomic revisions of the two genera Parasinilabeo and Pty-
chidio may be necessary.
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Introduction
Fishes of the tribe Labeonini (Cypriniformes: Cyprinidae) are adapted to riverine envi-
ronments. Labeonini used here is equal to Labeoninae in Zheng et al. (2010, 2012). They 
have evolved a diverse mouth morphology. The diversity of these morphological charac-
ters has been used to identify genera and generate hypotheses of phylogeny (Zhang 1994, 
1998a, b, 2005; Zhang et al. 2000). Therefore, the species of Labeonini with similar oral 
morphology were thought to be closely related by these morphological studies. As the 
development of molecular techniques has advanced, the results of previous morphologi-
cal phylogenetic studies have been challenged. Recent molecular studies demonstrated a 
different phylogenetic pattern of Labeonini from that derived from morphology. Species 
with similar morphology were not closely related to each other in the molecular studies 
(Yang et al. 2010; 2012; Zheng et al. 2010; 2012). The relationships within Labeonini 
were basically consistent in the aforementioned molecular studies. However, the rela-
tionships within the terminal clade of Labeonini were unresolved due to a low taxon 
sampling. This terminal clade is equal to the Clade F in Zheng et al. (2010). This clade 
mainly inhabits the karst regions in China’s southwestern provinces: Yunnan, Guizhou 
and Guangxi, which is characterized by a mass of underground rivers and caves. There-
fore, we define it as the karst group herein. The karst group included 52 species within 
14 genera, accounting for 57% of the species and 55% of all the genera of the Labeonini 
in China. Moreover, more than 90% of the genera of this group are endemic to China 
(Table 1). Yang et al. (2010) refer to a single species in each of 7 genera inhabiting the 
karst regions, and Zheng et al. (2010, 2012) to 23 species distributed over 12 genera. 
Yang et al. (2012) dealt with the same genera as Zheng et al. (2010, 2012) adding three 
more species. It is obvious that previous studies suffered from low taxon sampling, lead-
ing to yet unresolved specific phylogenetic relationships within the karst group.
Several new genera, such as Qianlabeo Zhang & Chen, 2004, Hongshuia Zhang, 
Qing & Lan, 2008, Cophecheilus Zhu, Zhang, Zhang & Han, 2011, Sinigarra Zhang 
& Zhou, 2012, Stenorynchoacrum Huang, Yang & Chen, 2014, and Paraqianlabeo 
Zhao, Sullivan, Zhang & Peng, 2014, and some new species, such as Parasinilabeo 
longicorpus Zhang, 2000, Parasinilabeo longibarbus Zhu, Lan & Zhang, 2006, Parasi-
nilabeo longiventralis Huang, Chen & Yang, 2007, and Pseudogyrinocheilus longisulcus 
Zheng, Chen & Yang, 2010, have been described since 2000. All descriptions were 
based on morphological characters, in particular on the structural morphology of the 
mouth. These recently described genera and species are all distributed in karst regions 
in southwest China. The phylogenetic positions of some new genera and species have 
not yet been examined. Studies of Labeonini indicated that these morphological char-
acters evolved homoplastically (Zheng et al. 2012). Therefore, the phylogenetic posi-
tions of the new genera and species need to be further examined.
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Table 1. List of genera and species of Labeonini inhabiting the karst regions of China.
Genus name Number of species Distribution
Discocheilus Zhang, 1997 2 China
Discogobio Lin, 1931 16 China (13), Vietnam (3)
Hongshuia Zhang, Qing & Lan, 2008 3 China
Parasinilabeo Wu, 1939 6 China
Pseudocrossocheilus Zhang & Chen, 1997 6 China
Pseudogyrinocheilus Fang, 1933 2 China
Ptychidio Myers, 1930 3 China
Qianlabeo Zhang & Chen, 2004 1 China
Rectoris Lin, 1935 5 China
Semilabeo Peters, 1881 2 China
Sinocrossocheilus Wu, 1977 2 China
Stenorynchoacrum Huang, Yang & Chen, 2014 1 China
Cophecheilus Zhu, Zhang, Zhang & Han, 2011 2 China
Paraqianlabeo Zhao, Sullivan, Zhang & Peng, 2014 1 China
Sum 52
This contribution reconstructs the phylogenetic tree based on extensive sampling 
and multiple molecular markers in order to demonstrate the phylogenetic relationships 
of the karst group.
Materials and methods
Sample collection
At least two specimens of each species were sequenced and analyzed, and all the speci-
mens of the same species shared a common haplotype or clustered into a lineage. Each 
species is represented by one specimen (two for Parasinilabeo longicorpus). A total of 37 
specimens representing 36 species and 13 genera of the karst group were used in this 
work. Eleven species of Cyprininae were selected as distant outgroups and 14 species of 
Labeonini were selected as hierarchical outgroups, following Mayden et al. (2009) and 
Zheng et al. (2010). Species identification and collection localities are given in Suppl. 
material 1. All voucher specimens sequenced for use in this study are deposited in the 
Kunming Institute of Zoology, the Chinese Academy of Sciences.
DNA extraction, PCR amplification and sequencing
The genomic DNA was extracted from fin clips preserved in 95% ethanol. Three mi-
tochondrial genes (cytochrome b, cytochrome oxidase subunit I, and 16S ribosomal 
RNA) and four nuclear genes (exon 3 of recombination activating protein 1 (RAG1), 
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Rhodopsin (RH), early growth response protein 2B gene (EGR2B) and interphotore-
ceptor retinoid binding protein gene (IRBP)) have been used in this study. The primers 
for mitochondrial genes for PCR amplification have been given in Zheng et al. (2010), 
and nuclear genes followed Chen et al. (2008). Sequencing was performed directly 
using the corresponding PCR primers. PCR products were purified via spin columns. 
Purified PCR products were sequenced in both forward and reverse directions using 
the sequencing services of BigDye Terminator v3.1 on an ABI PRISM 3730 following 
the manufacturer’s instructions. All sequence accession numbers are given in Suppl. 
material 1.
Statistical analyses
Sequences were aligned using ClustalX v1.83 (Thompson et al. 1997) and manually 
checked for inconsistencies. To test for the possible saturation of substitution types, 
the number of transitions (Ti) and transversions (Tv) versus the F84 distance were 
plotted for our sequences in DAMBE (Xia and Lemey 2009). The base compositional 
bias using a chi-square test with the BaseFreq function implemented in PAUP* 4.0b 
10 (Swofford 2002).
Phylogenetic analyses
Phylogeny reconstruction was carried out with Bayesian (BI) and maximum likeli-
hood (ML) approaches. The most appropriate evolutionary model was selected by 
Modeltest v3.7 (Posada and Crandall 1998) for BI and ML using Akaike information 
criterion (AIC, Nylander et al. 2004) before phylogenetic analyses. Bayesian analysis 
was conducted using MrBayes 3.1.2 (Huelsenbeck and Ronquist 2001). Four chains 
(three hot, one cold) were run for 10,000,000 generations, sampling trees every 100 
generations and with the first 25,000 generations discarded as burn-in. Convergence 
was confirmed by ascertaining that the average standard deviation of split frequencies 
was below 0.01. Six data partitioning strategies were adopted in the Bayesian analysis 
on the combined data set, with the number of data partitions ranging from 1 (all genes 
evolve under a single evolutionary model) to 11 (partitions for each of the 2 protein 
coding genes plus 5 separate partition for 16S rRNA, RAG1, RH, EGR2B and IRBP) 
(Table 2). The program PartitionFinder was used to select the partition scheme and 
evolutionary models for our sequences (Lanfear et al. 2012). Partitioning strategies 
were compared by Bayes factors, which represent the ratio of the harmonic mean likeli-
hoods of the two analyses being tested in MrBayes 3.1.2. For each run, the harmonic 
mean likelihoods were calculated using the ‘sump’ command. A value greater than 5 
for ln Bayes factor was considered as strong evidence against the alternative topology 
tested (Kass and Raftery 1995). The optimal partition selected by Bayes factor was used 
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Table 2. Partitioning strategies used in this study.
# Partition strategy Partition identity
P1 All data combined COI+Cyt b+16S+RAG1+RH+EGR2B+IRBP 
P5 By mitochondrial and nuclear genes COI+Cyt b+16S; RAG1; RH; EGR2B; IRBP
P6 Based on the analysis of our combined dataset using PartitionFinder
Cyt b1+RAG1; Cyt b 2+COI 3+16SrRNA 
+EGR2B; Cyt b 3; COI 1+RH; COI 2; IRBP 
P7 By gene COI; Cyt b; 16S; RAG1; RH; EGR2B; IRBP 
P9
By separating codon positions 1 & 2 and 
codon position 3 of protein-coding gene, non-
coding mitochondrial gene and nuclear gene 
COI 1 2; COI 3+Cyt b 1 2; Cyt b 3; 16S; 
RAG1; RH; EGR2B; IRBP 
P11
By codon position of protein-coding 
mitochondrial gene, non-coding mitochondrial 
gene and nuclear gene 
COI 1; COI 2; COI 3; Cyt b 1; Cyt b 2;Cyt b 3; 
16S; RAG1; RH; EGR2B; IRBP 
in Maximum Likelihood analysis. Partitioned ML analysis employing separate models 
was performed using GARLI 2.0 (Zwickl 2006) with model parameters optimized 
during the run. Nodal support was assessed by 1000 bootstrap replicates and then 
the resulting bootstrap trees were imported into PAUP* 4.0b 10 (Swofford 2002) to 
obtain the bootstrap values and a majority-rule consensus topology.
BI and ML tree were tested using the Shimodaira–Hasegawa (SH) test (Shimo-
daira and Hasegawa 1999) in PAUP* 4.0b 10, using 1000 bootstrap replicates with 
RELL optimization. The RELL approximation is used to avoid the re-estimation of the 
parameters in the bootstrap replicates (Buckley et al. 2001).
Results
Sequence analyses
A total of 402 nucleotide sequences were used in this study, of which 106 sequences 
were obtained from this study and 296 downloaded from the GenBank. No signal of 
saturation was observed among sequences (Suppl. material 2). A total of 6600 bp nu-
cleotides were used in the analyses, including 837 bp of COI, 1098 bp of Cyt b, 1151 
bp of 16S rRNA, 1465 bp of RAG1, 488 bp of RH, 751 bp of EGR2B and 810 bp 
of IRBP. Mean base composition of the combined dataset is as follows: A, 0.2821; C, 
0.2844; G, 0.1913, and T, 0.2422. No significant compositional biases existed in ei-
ther ingroup or outgroup taxa (P=1.00>0.05). Nucleotide substitution models selected 
by AIC under different partition models are presented in Table 3. The mean ln likeli-
hood (ln L) and Bayes factor comparisons are presented in Table 4. The partitioned 
scheme separated by codon positions 1 and 2 and codon position 3 of protein-coding 
gene, non-coding mitochondrial and nuclear gene (P9) was selected as the best-fit 
partition scheme.
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Table 3. Nucleotide substitution models selected by AIC under different partition models.
Gene Model
COI GTR+I+G
COI 1st position GTR+I+G
COI 2nd position HKY
COI 1st and 2nd position GTR+I+G
COI 3rd position GTR+I+G
Cyt b GTR+I+G
Cyt b 1st position GTR+I+G
Cyt b 2nd position GTR+I+G
Cyt b 1st and 2nd position TIM+I+G
Cyt b 3rd position TIM+G
16S GTR+I+G
RAG1 SYM+I+G
RH K81uf+I+G
EGR2B TrN+I+G
IRBP TrNef+I+G
models selected by partitionfinder
Cyt b1st position +RAG1 SYM+I+G 
Cyt b 2nd+COI 3 rd position +16SrRNA +EGR2B GTR+I+G 
Cyt b 3rd position GTR+G 
COI 1st position +RH TIM+I+G 
COI 2nd position HKY+I 
IRBP TrNef+I+G 
Table 4. Comparison of likehood scores after different partitioning strategies and estimation of Bayes 
factors. Bayes factors are calculated as 2(Px-PY).
Partition -lnL P5 P7 P11 P1 P6
P9 86281.43 711.74 1527.96 7810.76 8932.12 16455.34
P5 86637.30 816.22 7099.02 8220.38 15743.6
P7 87045.41 6282.8 7404.16 14927.38
P11 90186.81 1121.36 8644.58
P1 90747.49 7523.22
P6 94509.10
Phylogenetic analyses
The SH test did not reject any hypotheses of BI or ML (P>0.05). Relationships of all 
taxa derived from partitioned ML and Bayesian analyses of sequences were nearly iden-
tical. Thus, the ML tree is presented here together with the nodal support values gener-
ated by ML bootstrap analysis and Bayesian posterior probabilities (BPPs), respectively 
(Fig. 1). All phylogenetic analyses show that the group of the labeonins in the karst 
regions of China is divided into four lineages (Fig. 1).
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1) Pseudogyrinocheilus longisulcus Zheng, Chen & Yang, 2010 forms the sister taxon 
to Cophecheilus bamen Zhu, Zhang, Zhang & Han, 2011, and together they form 
the first lineage Clade I.
2) The monophyly of Parasinilabeo is not rejected and all the species of Parasinilabeo 
form the second lineage Clade II.
Figure 1. Phylogenetic tree derived from a partitioned Maximum Likelihood analysis of the combined 
data set. The nodal numbers are ML bootstrap values and Bayesian posterior probabilities, respectively. 
Only values above 50% are given.
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3) The species of Ptychidio, Pseudocrossocheilus, Semilabeo, Rectoris and Stenoryncho-
acrum form a monphyletic group, and the third lineage in our study. The mono-
phyly of Ptychidio, Pseudocrossocheilus, Rectoris and Semilabeo are not rejected by all 
analyses, while Stenorynchoacrum xijiangensis Huang, Yang & Chen, 2014 forms 
the sister taxon to Rectoris.
4) Sinocrossocheilus, Pseudogyrinocheilus, Paraqianlabeo, Hongshuia, Discogobio, and 
Discocheilus form the forth lineage (Clade IV), which can be further divided into 
three subclades (Clade IV A-C). Within Clade IV, Sinocrossocheilus, Pseudogyri-
nocheilus and Paraqianlabeo form Clade IV A. The monophyly of Hongshuia is 
supported and all the species of Hongshuia form Clade IV B. Discocheilus and 
Discogobio form Clade IV C together.
Taxonomic revision
Pseudogyrinocheilus longisulcus was described as a new species of Pseudogyrinocheilus 
because it shares similar mouth morphology with Pseudogyrinocheilus prochilus (Sau-
vage & Dabry de Thiersant, 1874) (Zheng et al. 2010). However, the molecular results 
show that P. longisulcus and P. prochilus are located into two distant lineages. It is indi-
cated that the oral morphological character evolved convergently and the allocation of 
this species need to be revised. Therefore, we erect a new genus for P. longisulcus.
Prolixicheilus gen. n.
http://zoobank.org/3CB3F6C1-5F77-403B-85D5-60D6F14FCEEA
Type species. Pseudogyrinocheilus longisulcus Zheng, Chen & Yang, 2010 (Fig. 2A).
Etymology. From the Latin adjective prolixus, meaning broad, stretched far out, 
and the Greek noun cheilos meaning lip, an allusion to the broad lips of the type species. 
Gender masculine.
Diagnosis. Prolixicheilus can be distinguished from all other genera of labeonins 
by its peculiar morphology: papillate rostral fold and lower lip, evaginating and tri-
angular; rostral fold pendulous, expanded ventrally, posterior margin non-fimbriate; 
lower lip with a straight posterior margin; upper lip vestigial; postlabial grooves pro-
longed, and extended anteromedially close to anterior end of middle lower lip, but 
not meeting with its counterpart; posterior margin of lower lip free; lateral-line scales 
40–42; a longitudinal dark stripe along lateral line on flank; body laterally compressed.
Remarks. Prolixicheilus can be easily distinguished from Pseudogyrinocheilus by the 
following combination of characteristics: postlabial grooves prolonged, and extended 
anteromedially close to anterior end of middle lower lip, but not meeting with its coun-
terpart (only restricted at corners of mouth); posterior margin of lower lip free (vs. con-
nected with chin); lateral-line scales 40–42 (vs. 45–49); a longitudinal dark stripe along 
lateral line on flank (vs. absent); body laterally compressed (vs. cylindrical). In addition, 
although P. longisulcus and Cophecheilus bamen are genetically closely related, P. longi-
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sulcus is readily distinguished from the species of Cophecheilus by the following com-
bination of characteristics: rostral fold and lower lip evaginating (vs. not evaginating); 
rostral fold pendulous, expanded ventrally (vs. not pendulous, rostral cap with a shallow, 
arched, subdistal depression extending nearly the full length of its ventral edge); rostral 
fold and lower lip broad and fully papillated (vs. only margin papillated); posterior 
margin of lower lip free (vs. connected with chin); lateral-line scales 40–42 (vs. 43–48).
Distribution. Prolixicheilus longisulcus has been only recorded in an unnamed 
stream in Lutong Village, Jingxi Co., Guangxi. The stream belongs to Zuojiang River, 
a tributary of Pearl River.
Discussion
Phylogenetic relationships
Previous studies on the molecular systematics of Labeonini included low taxonomic sam-
pling of species from the karst regions of China. This and the close genetic relationships 
within this group are reflected by relatively low node values (Yang et al. 2010, 2012; 
Zheng et al. 2010, 2012) thereby indicating that the relationships within this group of la-
beonins have not been resolved satisfactorily. Moreover, the phylogenetic position of Par-
asinilabeo, Ptychidio, Semilabeo, Rectoris and Stenorynchoacrum were in a state of flux. Our 
results are very different from that of previous studies mentioned above and this group of 
Labeonini can be further divided into four clades with strong support. The monophyly 
of Parasinilabeo, Ptychidio, Rectoris and Semilabeo are firstly verified in this study, and the 
phylogenetic position of the genera listed above reach a definite conclusion.
In previous studied of the Labeonini, mouth morphology was used as an impor-
tant character for taxonomy and phylogeny. Zhang (1994, 1998a) thought Pseudogyri-
nocheilus, Semilabeo and Discocheilus formed a monophyletic group, and that Parasini-
labeo was closely related to both Pseudogyrinocheilus and Semilabeo. He also considered 
that Sinocrossocheilus was closely related to both Pseudocrossocheilus and Rectoris because 
Figure 2. Ventral view of the mouth morphology. A Pseudogyrinocheilus longisulcus B Pseudogyrinochei-
lus prochilus C Cophecheilus bamen.
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these species share the same mouth structures, and he suggested that the four disc-
bearing genera Discocheilus, Discogobio, Garra and Placocheilus formed a monophyletic 
group (Zhang 1998b, 2005).
The molecular results presented here show that species with similar morphological 
characters do not cluster in the phylogenetic tree. For example, Ptychidio, Semilabeo, Sten-
orynchoacrum, Rectoris and Pseudocrossocheilus form clade III. However, the margin of ros-
tral fold of Pseudocrossocheilus, Rectoris and Ptychidio is crenulated with a deeply indented 
distal margin, and that of Semilabeo and Stenorynchoacrum is smooth or only with a median 
incision. Pseudogyrinocheilus prochilus does not have an oral disc on the lower lip, but form 
clade IV with disc-bearing species or species with a disc similar structure on the lower lip. 
Paraqianlabeo striatus Zhao, Sullivan, Zhang & Peng, 2014 has a well-developed upper lip, 
but other species included in the same clade have not. This indicates that the phylogenetic 
relationships of these species cannot be inferred by a few oral morphological characters.
Phylogenetic positions of recently described genera
Hongshuia, Cophecheilus, Sinigarra, Stenorynchoacrum and Paraqianlabeo were de-
scribed recently (Zhang et al. 2008; Zhu et al. 2011; Zhang and Zhou 2012; Huang et 
al. 2014; Zhao et al. 2014). The phylogenetic positions of Cophecheilus and Sinigarra 
have never been verified. Zhu et al. (2011) thought Cophecheilus is likely located in the 
basal position of the Garraina (Garra + Garra-like cyprinids). Our molecular results 
show that Cophecheilus bamen and Prolixicheilus longisulcus form a clade, which is the 
sister to all other members of the karst group.
Zheng et al. (2010) tried to elucidate the phylogenetic position of Stenoryncho-
acrum. Insufficient samples and relatively low node support resulted in an inconclusive 
phylogenetic position. Our results suggest that the species of Rectoris form a mono-
phyletic group, and that Stenorynchoacrum xijiangensis forms the sister taxon to Rectoris 
with strong support. Although Stenorynchoacrum and Rectoris are genetically closely re-
lated, Stenorynchoacrum is morphologically distinct from the species of Rectoris by the 
following combination of characteristics: middle part of rostral cap undeveloped, nar-
row, only covering the base of the upper jaw, both sides of rostral cap well-developed 
and extending upward (vs. rostral cap developed, covering upper jaw completely); 
lower lip modified into fleshy pad (vs. lower lip not modified) (Fig. 3).
The validity of Hongshuia has been discussed by Zheng et al. (2010), and its in-
dependent generic position has been supported therein. However, its phylogenetic 
position was uncertain because of the relatively low node support. Our results strongly 
support that Hongshuia is closely related to Discogobio and Discocheilus. These three 
genera share a fleshy central pad on the lower lip, and they are genetically closely relat-
ed (Fig. 4). Paraqianlabeo striatus forms the sister taxon to P. prochilus, and then forms 
a lineage together with Sinocrossocheilus labiatus Su, Yang & Cui, 2003. Paraqianlabeo 
striatus can be easily distinguished from P. prochilus by upper lip present (vs. absent), 
rudimentary sucker present (vs. absent), and mental grooves present (vs. absent). Spe-
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cies with disc or fleshy central pad on the lower lip (with the exception of P. prochilus) 
form clade IV in our molecular results.
In addition, Zhang and Zhou (2012) erected Sinigarra as a new genus because the 
authors considered the mental adhesive disc of Sinigarra more primitive compared to 
that of Garra, Discogobio, Discocheilus and Placocheilus. In fact, Garra is not a mono-
phyletic group and the species allocated into Garra nowadays have been divided into 
several groups (Zheng et al. 2010; Yang et al. 2012). Due to the extensive distribution 
and complex mouth morphology, the taxonomy of Garra and its related genera is con-
fused and awaits a comprehensive revision. Sinigarra napoensis Zhang & Zhou, 2012 
shares the notch on the posterior margin of oral sucking disc with Garra micropulvinus 
Zhou, Pan & Kottelat, 2005. Our results showed that S. napoensis forms the sister 
taxon to G. micropulvinus. The notch on the posterior margin of the oral sucking disc 
could be a homologous character for this group of fish (Fig. 5).
Figure 3. Ventral view of the mouth morphology. A Stenorynchoacrum xijiangensis B Rectoris posehensis.
Figure 4. Ventral view of the mouth morphology. A Hongshuia megalophthalmus B Discogobio brachy-
physallidos C Discocheilus wuluoheensis.
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Taxonomy of Parasinilabeo
Parasinilabeo mutabilis was described by Wu (1939) and was placed in the synonymy 
of Parasinilabeo assimilis Wu & Yao in Wu (1977). The genus Parasinilabeo has been a 
monotypic genus until 2000. Five new species, namely Parasinilabeo longicorpus, Par-
asinilabeo maculatus Zhang, 2000, Parasinilabeo microps Su, Yang & Cui, 2001, P. lon-
gibarbus, and P. longiventralis, have been successively described subsequently (Zhang 
2000; Su et al. 2001; Zhu et al. 2006; Huang et al. 2007). The molecular results showed 
that the species of Parasinilabeo form a monophyletic lineage. In addition, P. longicor-
pus and P. assimilis form a lineage together. Parasinilabeo longicorpus was described as a 
new species because it was distinguished from P. assimilis by a more slender body (body 
depth 14.7–18.9 % of standard length vs. 23.3–26.3) and a lower caudal peduncle 
(caudal-peduncle depth 8.9–11.8 % of standard length vs. 12.1–14.1) (Zhang 2000). 
With the exception of the metric differences, there are not any other stable characters 
that can be used to effectively distinguish specimens. Moreover, the genetic distance 
of Cyt b gene between P. assimilis and P. longicorpus is 0.016, which is lower than the 
distance between P. assimilis and P. longibarbus (0.078) and that between P. assimilis 
and P. longiventralis (0.019). This low level of genetic variation is consistent with the 
morphological evidences. Therefore, P. longicorpus might be the synonym of P. assimilis 
and the comprehensive revision of this genus is needed.
Taxonomy of Ptychidio
Ptychidio macrops Fang, 1981 was closely related to Ptychidio jordani Myers, 1930 in 
our results. Ptychidio macrops was distinguished from P. jordani by a larger eye (more 
than 25% of head length vs. less), shorter tassel (less than eye diameter vs. longer) and 
Figure 5. Ventral view of the mouth morphology. A Sinigarra napoensis B Garra micropulvinus.
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shorter rostral barbels (reaching anterior margin of eyes vs. reaching beyond). This 
situation is similar as that of P. longicorpus and P. assimilis. With the exception of the 
metric differences, there are not any other stable characters that can be used to effec-
tively distinguish specimens. Moreover, the genetic distances of Cyt b gene between P. 
jordani and P. macrops is 0.011, which is lower than the distance between P. jordani and 
Ptychidio longibarbus Chen & Chen, 1989 (0.028). Similarly, in view of the close ge-
netic relationship and the morphometric differences, P. macrops might be the synonym 
of P. jordani and the comprehensive revision of this genus is needed.
Acknowledgements
We are grateful to Rick Winterbottom and Marco Endruweit for suggestions and com-
ments of this manuscript. We thank Jian Yang and Jia-Hu Lan for assisting in sample 
collections, and Guo-Hua Yu for advising and consulting. This work was supported 
by National Natural Science Foundation of China (31201707), and the Western Light 
Doctor Program of the Chinese Academy of Sciences.
References
Buckley TR, Simon C, Shimodaira H, Chambers GK (2001) Evaluating hypotheses on the 
origin and evolution of the New Zealand alpine cicadas (Maoricicada) using multiple-
comparison tests of tree topology. Molecular Biology and Evolution 8: 223–234. doi: 
10.1093/oxfordjournals.molbev.a003796
Chen YF, Chen YY (1989) On a new cyprinid fish of genus Ptychidio Myers from Guangxi, 
China (Cypriniformes: Cyprinidae). Acta Zootaxonomica Sinica 14: 376–379.
Chen WJ, Miya M, Saitoh K, Mayden RL (2008) Phylogenetic utility of two existing and 
four novel nuclear gene loci in reconstructing Tree of Life of ray-finned fishes: The or-
der Cypriniformes (Ostariophysi) as a case study. Gene 423: 125–134. doi: 10.1016/j.
gene.2008.07.016
Huang YF, Chen XY, Yang JX (2007) A new labeonine fish species, Parasinilabeo longiventralis, 
from eastern Guangxi, China (Teleostei: Cyprinidae). Zoological Research 28: 531–538.
Huang YF, Chen XY, Yang JX (2014) Stenorynchoacrum xijiangensis, a new genus and a new 
species of Labeoninae fish from Guangxi, China (Teleostei: Cyprinidae). Zootaxa 3793: 
379–386. doi: 10.11646/zootaxa.3793.3.6
Huelsenbeck JP, Ronquist F (2001) MrBayes: Bayesian inference of phylogeny. Bioinformatics 
17: 754–755. doi: 10.1093/bioinformatics/17.8.754
Kass RE, Raftery AE (1995) Bayes Factors. Journal of the American Statistical Association 90: 
773–795. doi: 10.1080/01621459.1995.10476572
Lanfear R, Calcott B, Ho SYW, Guindon S (2012) Partitionfinder: combined selection of par-
titioning schemes and substitution models for phylogenetic analyses. Molecular Biology 
and Evolution 29: 1695–1701. doi: 10.1093/molbev/mss020
Lan-Ping Zheng  /  ZooKeys 612: 133–148 (2016)146
Mayden RL, Chen WJ, Bart HL, Doosey MH, Simons AM, Tang KL, Wood RM, Agnew 
MK, Yang L, Hirt MV, Clements MD, Saitoh K, Sado T, Miya M, Nishida M (2009) Re-
constructing the phylogenetic relationships of the earth’s most diverse clade of freshwater 
fishes – Order Cypriniformes (Actinopterygii: Ostariophysi): A case study using multiple 
nuclear loci and the mitochondrial genome. Molecular Phylogenetics and Evolution 51: 
500–514. doi: 10.1016/j.ympev.2008.12.015
Myers GS (1930) Ptychidio jordani, an unusual new cyprinoid fish from Formosa. Copeia 4: 
110–113.
Nylander JAA, Ronquist F, Huelsenbeck JP, Nieves Aldrey JL (2004) Bayesian phylogenetic anal-
ysis of combined data. Systematic Biology 53: 47–67. doi: 10.1080/10635150490264699
Posada D, Crandall KA (1998) MODELTEST: testing the model of DNA substitution. Bio-
informatics 14: 817–818. doi: 10.1093/bioinformatics/14.9.817
Sauvage HE, Dabry de Thiersant P (1874) Notes on fish freshwater of China. Annals of Natural 
Sciences, Paris (Zoology and Paleontology) 1: 1–18.
Shimodaira H, Hasegawa M (1999) Multiple comparisons of loglikelihoods with applica-
tions to phylogenetic inference. Molecular Biology and Evolution 16: 1114–1116. doi: 
10.1093/oxfordjournals.molbev.a026201
Su RF, Yang JX, Cui GH (2001) The nominal invalidity of the cyprinid genus Parasinilabeo, 
with descriptions of a new genus and species. Zoological Studies 40: 134–140.
Su RF, Yang JX, Cui GH (2003) Taxonomic review of the genus Sinocrossocheilus Wu (Teleostei: 
Cyprinidae), with a description of four new species. Zoological Studies 42: 420–430.
Swofford DL (2002) PAUP*: Phylogenetic analysis using Parsimony (*and other methods). 
Version 4.0. Sinauer Associates, Sunderland, MA.
Thompson JD, Gibson TJ, Plewniak F, Jeanmougin J, Higgins DG (1997) The CLUSTAL 
X windows interface: flexible strategies for multiple sequence alignment aided by quality 
analysis tools. Nucleic Acids Research 25: 4876–4882. doi: 10.1093/nar/25.24.4876
Wu HW (1939) On the fishes of LiKiang. Sinensia 10: 92–142.
Wu HW (1977) The cyprinid fishes of China. Part II. Shanghai People Press, Shanghai, 598 pp.
Xia X, Lemey P (2009) Assessing substitution saturation with DAMBE. In: Lemey P (Ed.) 
The Phylogenetic Handbook. Cambridge University Press, Cambridge, 611–626. doi: 
10.1017/cbo9780511819049.022
Yang L, Mayden RL (2010) Phylogenetic relationships, subdivision, and biogeography of the 
cyprinid tribe Labeonini (sensu Rainboth, 1991) (Teleostei: Cypriniformes), with com-
ments on the implications of lips and associated structures in the labeonin classification. 
Molecular Phylogenetics and Evolution 54: 254–265. doi: 10.1016/j.ympev.2009.09.027
Yang L, Arunachalam M, Sado T, Levin BA, Golubtsov AS, Freyhof J, Friel JP, Chen WJ, 
Hirt MV, Manickam R, Agnew MK., Simons AM, Saitoh K, Miya M, Mayden RL, He S 
(2012) Molecular phylogeny of the cyprinid tribe Labeonini (Teleostei: Cypriniformes). 
Molecular Phylogenetics and Evolution 65: 362–379. doi: 10.1016/j.ympev.2012.06.007
Zhang E (1994) Phylogenetic relationship of the endemic Chinese cyprinid fish Pseudogyrino-
cheilus prochilus. Zoological Research 15 (supplement): 26–35.
Zhang E (1998a) Study on the morphology of lips and associated structures in the cyprinid 
genus Parasinilabeo. Zoological Research 19: 53–58.
Systematics of Labeonini in karst regions of China 147
Zhang E (1998b) Studies on the morphology of lips and associated structures among the La-
beonine fishes with a prebuccal cavity (Cyprinidae) in China. Zoological Research 19: 
230–236.
Zhang E (2005) Phylogenetic relationships of Labeonine Cyprinids of the disc-bearing group 
(Pisces: Teleostei). Zoological Studies 1: 130–143.
Zhang E, Chen YY (2004) Qianlabeo striatus, a new genus and species of Labeoninae from 
Guizhou Province, China (Teleostei: Cyprinidae). Hydrobiologia 527: 25–33. doi: 
10.1023/B:HYDR.0000043315.64357.da
Zhang E, Qing X, Lan JH (2008) Description of a new genus and two new species of labeonine 
fishes from South China (Teleostei: Cyprinidae). Zootaxa 1682: 33–44.
Zhang E (2000) Revision of the cyprinid genus Parasinilabeo, with descriptions of two new 
species from southern China (Teleostei: Cyprinidae). Ichthyological Exploration of Fresh-
waters 11: 265–271.
Zhang E, Yue PQ, Chen JX (2000) Labeoninae. In: Yue PQ (Ed.) Fauna sinica Osteichthyes 
Cypriniformes III. Science Press, Beijing, 171–174.
Zhang E, Zhou W (2012) Sinigarra napoense, a new genus and species of labeonin fishes (Tel-
eostei: Cyprinidae) from Guangxi Province, South China. Zootaxa 3586: 17–25.
Zhao HT, Sullivan JP, Zhang YG, Peng ZG (2014) Paraqianlabeo lineatus, a new genus and 
species of labeonine fishes (Teleostei: Cyprinidae) from South China. Zootaxa 3841: 257–
270. doi: 10.11646/zootaxa.3841.2.5
Zheng LP, Chen XY, Yang JX (2010) A new species of genus Pseudogyrinocheilus (Teleostei: 
Cyprinidae) from Guangxi, China. Environmental Biology of Fishes 87: 93–97. doi: 
10.1007/s10641-009-9555-7
Zheng LP, Yang JX, Chen XY, Wang WY (2010) Phylogenetic relationship within the Chinese 
Labeoninae (Teleostei: Cypriniformes) derived from two nuclear and three mitochondrial 
genes. Zoologica Script 39: 559–571. doi: 10.1111/j.1463-6409.2010.00441.x
Zheng LP, Yang JX, Chen XY (2012) Phylogeny of the Labeoninae (Teleostei, Cypriniformes) 
based on nuclear DNA sequences and implications on character evolution and biogeogra-
phy. Current Zoology 58: 837–850. doi: 10.1093/czoolo/58.6.837
Zhou W, Pan XF, Kottelat M (2005) Species of Garra and Discogobio (Teleostei: Cyprinidae) 
in Yuanjiang (Upper Red River) drainage of Yunnan Province, China with description of a 
new species. Zoological Studies 44: 445–453.
Zhu Y, Lan C, Zhang E (2006) A new species of the cyprinid genus Parasinilabeo from Guangxi, 
China. Acta Hydrobiology Sinica 30: 503–507.
Zhu Y, Zhang E, Zhang M, Han YQ (2011) Cophecheilus bamen, a new genus and species of 
labeonine fishes (Teleostei: Cyprinidae) from South China. Zootaxa 2881: 39–50.
Zwickl DJ (2006) Genetic algorithm approaches for the phylogenetic analysis of large biological 
sequence datasets under the maximum likelihood criterion. PhD thesis, University of Texas 
at Austin, Austin, USA.
Lan-Ping Zheng  /  ZooKeys 612: 133–148 (2016)148
Supplementary material 1
Table S1
Authors: Lan-Ping Zheng, Xiao-Yong Chen, Jun-Xing Yang
Data type: molecular data
Explanation note: Taxa included in this study and accession numbers of sequences in 
GenBank.
Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
Supplementary material 2
Figure S1
Authors: Lan-Ping Zheng, Xiao-Yong Chen, Jun-Xing Yang
Data type: figure
Explanation note: Scatter plots for the number of transitions and tranversions versus 
the F84 distance of all sequences.
Copyright notice: This dataset is made available under the Open Database License 
(http://opendatacommons.org/licenses/odbl/1.0/). The Open Database License 
(ODbL) is a license agreement intended to allow users to freely share, modify, and 
use this Dataset while maintaining this same freedom for others, provided that the 
original source and author(s) are credited.
